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Mapping of hepatic vascular anatomy: dynamic
contrast-enhanced parallel MR imaging compared with 64
detector row CT
Abstract
The study was approved by the institutional review board, and informed consent was obtained from all
patients. The purpose of this study was to retrospectively evaluate the feasibility, reliability, and
accuracy of breath-hold dynamic contrast material-enhanced parallel gradient-echo (GRE) magnetic
resonance (MR) imaging for mapping the hepatic vascular anatomy, with contrast-enhanced 64-detector
row computed tomography (CT) as the reference standard. The parallel GRE MR data sets of 100
patients acquired at 1.5 T were evaluated independently by two blinded readers with respect to (a) image
quality for depiction of the hepatic arteries and the portal and hepatic veins and (b) presence of arterial
stenosis and variant hepatic vasculature. The readers rated image quality to be good or excellent for
91.1%-100% of the vessels. At parallel GRE MR imaging, the readers diagnosed variant hepatic vessels
and arterial stenosis with 94%-100% accuracy. They concluded that parallel GRE MR imaging, as
compared with 64-detector row CT, is feasible for hepatic vascular mapping and enables reliable and
accurate detection of variant hepatic vasculature and diagnosis of arterial stenosis. Supplemental
material: http://radiology.rsnajnls.org/cgi/content/full/2453062103/DC1.
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64–detector row CT, is feasible for hepatic vascular map-
ping and enables reliable and accurate detection of variant
hepatic vasculature and diagnosis of arterial stenosis.
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Breath-hold dynamic contrast mate-rial–enhanced three-dimensionalgradient-echo (GRE) magnetic res-
onance (MR) imaging is increasingly be-
ing used for assessment of the liver, in-
cluding preoperative mapping of the
hepatic vascular anatomy (1–4). This
technique enables one to combine the
advantages of minimal invasiveness
with simultaneous assessment of the he-
patic parenchymal morphology and de-
tailed analysis of the vascular anatomy.
Furthermore, no ionizing radiation is
used, and this is particularly important
in young patients and patients who need
to undergo repetitive follow-up exami-
nations of the liver (3,5). Breath-hold
times exceeding 25–30 seconds, how-
ever, are often necessary for standard
three-dimensional GRE sequences. This
limits the utility of the technique in pa-
tients with compromised respiratory
function, who may not be capable of
the multiple breath holds required for
dynamic GRE MR imaging (4).
Several approaches can be used to
reduce the breath-hold times in dy-
namic GRE MR imaging. For example,
by decreasing the number or size of
the partitions and/or the matrix size,
one can substantially reduce breath-
hold times—often at the expense of
spatial resolution and craniocaudal
coverage, however. In another ap-
proach, one incorporates recently in-
troduced parallel acquisition tech-
niques that involve the use of the spa-
tial information contained in the
sensitivity profiles of multiple ele-
ments of a receive coil (4,6–8). With
parallel imaging, the k-space is sys-
tematically undersampled while data
are acquired with all coil elements in
parallel. This enables a reduction in
the number of spatial-encoding steps
and thus a shorter MR image acquisi-
tion time while preserving the spatial
resolution of the MR image. Hence-
forth, this imaging technique is re-
ferred to as parallel GRE MR imaging.
Investigators in a relatively recent
study (4) demonstrated the feasibility
of parallel GRE MR imaging for clinical
imaging of the liver, including depic-
tion of the portal and hepatic veins, in
20 patients. The authors concluded
that parallel GRE MR imaging may be
particularly beneficial in patients with
limited breath-hold capability, short-
ening the imaging times compared
with the imaging times required for
standard GRE MR imaging. However,
to our knowledge, in no previous study
have investigators evaluated the diag-
nostic accuracy of dynamic parallel
GRE MR imaging, as compared with a
reference standard, for comprehen-
sive hepatic vascular mapping, includ-
ing evaluation of the hepatic arteries
and the portal and hepatic veins.
Thus, the purpose of our study was to
retrospectively evaluate the feasibil-
ity, reliability, and accuracy of breath-
hold dynamic contrast-enhanced par-
allel GRE MR imaging for mapping of
the hepatic vascular anatomy, with
contrast-enhanced 64–detector row
computed tomography (CT) as the
noninvasive reference standard.
Materials and Methods
Patients
This study was approved by the institu-
tional review board of University Hos-
pital Zurich. Informed consent was
obtained from all patients. We cross-
referenced our institutional medical da-
tabase with our imaging database to
identify all patients who from Septem-
ber 2004 through December 2005 un-
derwent both dynamic parallel GRE MR
imaging of the liver and contrast-en-
hanced dual-phase 64–detector row CT
of the abdomen within a 90-day period
(mean, 37 days; median, 32 days;
range,2–89days).Onehundredseventy-
five patients underwent MR imaging of
the liver. One hundred twenty-one of
these patients also underwent contrast-
enhanced dual-phase 64–detector row
CT of the abdomen. Twenty-one pa-
tients were excluded because informed
consent could not be obtained owing to
the following reasons: Ten (48%) pa-
tients died, six (29%) did not want to
provide written informed consent, and
five (24%) could not be contacted owing
to a change of address. Thus, the data of
100 patients—58 men with a mean age
of 56 years (range, 27–80 years) and 42
women with a mean age of 53 years
(range, 26–77 years)—were included in
this study (Fig 1). In five (5%) of the 100
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Advances in Knowledge
 Dynamic contrast-enhanced gra-
dient-echo (GRE) MR imaging of
the hepatic vasculature acceler-
ated by a parallel acquisition
technique is feasible, with good
to excellent overall image quality
for depiction of the hepatic ar-
teries and the portal and hepatic
veins.
 Parallel GRE MR imaging, as
compared with 64–detector row
CT as the reference standard,
enables reliable and accurate
detection of anatomic variants of
the hepatic arteries and the por-
tal and hepatic veins, as well as
reliable and accurate diagnosis
of arterial stenosis.
Implication for Patient Care
 Parallel gradient-echo MR imag-
ing enables mapping of the he-
patic vascular anatomy within
breath-hold times shorter than 20
seconds.
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patients, a minor contrast material re-
action (rash) was documented after
multi–detector row CT. No contrast
material reaction was noted after MR
imaging. Multi–detector row CT was
performed before MR imaging in 73
(73%) of the 100 patients.
Liver cirrhosis was present in 65
(65%) of the 100 patients. The underly-
ing cause of the liver cirrhosis was alco-
hol abuse in 21 (32%) of these 65 pa-
tients, chronic hepatitis C infection in
20 (31%), hepatitis B in 12 (18%),
a combination of alcohol abuse and
chronic hepatitis C infection in nine
(14%), hemochromatosis in two (3%),
and primary biliary cirrhosis in one
(2%). Liver cirrhosis was histologically
confirmed in all patients. Cirrhosis was
clinically classified as Child-Pugh class A
in three (5%) of the 65 patients, Child-
Pugh class B in 29 (45%), and Child-
Pugh class C in 33 (51%). The following
focal liver lesions were diagnosed in the
patients: hepatocellular carcinoma in 42
patients, simple hepatic cyst in 23, me-
tastasis in 18, hemangioma in 14, and
hilar cholangiocarcinoma in three. Five
(5%) of the 100 patients underwent
orthotopic liver transplantation before
their inclusion in the study.
MR Imaging
In all patients, MR imaging was per-
formed by using a 1.5-T MR system
(Signa Excite HD; GE Healthcare, Mil-
waukee, Wis) equipped with high-perfor-
mance gradients: an amplitude of 33
mT/m and a slew rate of 120 mT/
(m  msec). For signal reception, an an-
teroposterior eight-element phased-array
surface coil covering the entire liver was
placed around the patient. Before imag-
ing, a 20–22-gauge intravenous catheter
was placed in an antecubital vein and was
attached to an MR-compatible power in-
jector (Spectris; Medrad, Indianola, Pa).
All patients were positioned supine and
feet first on the imaging table.
For dynamic MR imaging, a parallel
three-dimensional spoiled GRE sequence
(LAVA [Liver Acquisition with Volume
Acceleration], version 12.0M4; GE Health-
care) was performed in the transverse
plane by using the following parame-
ters: 3.1/1.4 (repetition time msec/echo
time msec), a 15° excitation angle, a
receiver bandwidth of 83.3 kHz, a
nominal measured voxel dimension of
1.5  1.5  4.0 mm in acquisition along
the frequency-encoding times phase-en-
coding times section-encoding direc-
tion, an interpolated reconstructed
voxel dimension of 0.75  0.75  2.0
mm, a fat suppression inversion-recov-
ery time of 7.0 msec, 35–55 sections
(depending on the patient size), 0.73
signal acquired and a nominal acquisi-
tion matrix of 384  224. Half-Fourier
techniques were applied along the fre-
quency-encoding and phase-encoding
directions, and a linear phase-encoded
ordering scheme was used. The paral-
lel three-dimensional spoiled GRE se-
quence facilitated acceleration by a fac-
tor of two by reducing the number of
phase-encoding steps acquired along
the anteroposterior direction. The coil
sensitivity profiles required for the sen-
sitivity-encoding image reconstruction
(9) were derived from a separate single-
breath-hold calibration acquisition that
preceded dynamic parallel MR imaging.
The repeated application of frequency-
selective fat magnetization inversion
pulses during the imaging sequence in-
duced repeated zero crossings of the fat
signal. The flip angle was optimized so
that one such zero crossing temporally
coincided with the acquisition of the
center of k-space, optimizing the fat sig-
nal suppression.
Gadobutrol (Gadovist; Schering, Ber-
lin, Germany) was injected intrave-
nously at a dose of 0.1 mmol per kilo-
gram of body weight and at a flow rate
of 2 mL/sec, and parallel GRE MR imag-
ing was timed to capture the arterial,
portal venous (60 seconds after gadobu-
trol administration), and equilibrium
(240 seconds after gadobutrol adminis-
tration) phases (2,10). To determine the
optimal delay time for the arterial phase
in each patient, a test bolus of 1 mL of
gadobutrol was administered and the
time required for the bolus to reach the
celiac trunk was measured by using a
multiphase sagittal single-section GRE
sequence (5/1, 60° flip angle). After the
contrast material bolus, a 20-mL saline
flush was administered at the same flow
rate. The mean time for acquisition of
the parallel GRE MR data sets obtained
during each contrast enhancement phase
was 16 seconds (range, 15–17 seconds).
All parallel GRE MR examinations were
performed during a breath hold at the
end of inspiration.
64–Detector Row CT
In all 100 patients, multi–detector row
CT images of the abdomen were ob-
tained by using a 64–detector row CT
scanner (Sensation 64; Siemens, Forch-
heim, Germany). All patients under-
went dual-phase multi–detector row CT
of the abdomen during the arterial and
portal venous phases of contrast en-
hancement.
Before scanning, a 20–22-gauge cathe-
ter was placed in an antecubital vein
and was attached to an automated in-
Figure 1
Figure 1: Selection of patients for retrospective
study. All patients underwent dynamic parallel
GRE MR imaging of the liver and contrast-en-
hanced dual-phase 64 – detector row CT (MDCT)
of the abdomen within a 90-day period.
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jector (Ulrich Medical, Ulm-Jungin-
gen, Germany). A bolus-tracking tech-
nique (CARE-Bolus; Sensation Naviga-
tor, Siemens) was used to define the
optimal time delay after administra-
tion of the contrast medium that
would facilitate optimal intraluminal
contrast enhancement during the arte-
rial phase. This technique involved a
single nonenhanced low-dose (10-mAs)
examination at the level of the celiac
trunk, where a 15–20-mm2 region of
interest had been placed by a technolo-
gist. The region of interest served as a
reference for the dynamic measure-
ments of contrast enhancement. Subse-
quently, 120 mL of nonionic iodinated
contrast medium (iodixanol, Visipaque;
Amersham Health, Buckinghamshire,
England) (270 mg of iodine per millili-
ter) was administered at a flow rate of 4
mL/sec and followed by a 20-mL saline
flush that was injected at the same flow
rate. Ten seconds after the start of the
contrast medium injection, repetitive
low-dose monitoring CT examinations
(120 kV, 10 mAs, 0.5-second scanning
Table 1
Parallel GRE MR Imaging Measurements of SNR and CNR for Hepatic Arteries and
Portal and Hepatic Veins
Vessel SNR CNR
Arteries
Infrarenal aorta 94.6 35.2 78.9 33.4
Celiac trunk 77.9 35.0 61.6 33.3
Splenic artery 73.5 31.2 65.4 23.8
Left gastric artery 54.2 24.7 41.9 20.3
Common hepatic artery 68.7 26.5 53.1 25.4
Gastroduodenal artery 57.7 29.8 39.4 20.1
Proper hepatic artery 63.4 22.2 53.6 20.9
Right hepatic artery 57.2 23.3 47.8 22.8
Left hepatic artery 56.2 19.7 46.3 32.8
Superior mesenteric artery 80.7 30.5 71.1 32.9
All arteries 68.4 27.8 55.9 26.6
Portal veins
MPV 58.6 51.4 43.7 28.0
Right portal vein 55.1 51.0 43.4 20.9
Left portal vein 53.0 51.9 42.3 16.7
All portal veins 55.6 51.4 43.1 21.9
Hepatic veins 50.3 44.3 43.8 16.7
Note.—Numbers are mean values  standard deviations for 100 patients.
Table 2
Reader Assessment of Image Quality for Depiction of Hepatic Arteries and Portal and Hepatic Veins on Parallel GRE MR Images
Vessel
Image Quality Grade
Reader 1 Reader 2
1 2 3 4 1 2 3 4
Arteries
Infrarenal aorta 0 0 1 99 0 0 2 98
Celiac trunk 0 0 3 97 0 0 2 98
Splenic artery 0 0 17 83 0 0 18 82
Left gastric artery 0 1 29 70 0 0 30 70
Common hepatic artery 0 0 10 90 0 2 7 91
Gastroduodenal artery 7 12 35 46 8 10 35 47
Proper hepatic artery 4 12 43 41 3 12 43 42
Right hepatic artery 5 22 36 37 5 20 39 36
Left hepatic artery 5 21 41 33 5 22 41 32
Superior mesenteric artery 0 0 8 92 0 0 8 92
Total 21 68 223 688 21 66 225 688
Portal veins
MPV 0 0 6 94 0 0 4 96
Right portal vein 0 0 15 85 0 0 16 84
Left portal vein 0 0 15 85 0 0 15 85
Total 0 0 36 264 0 0 35 265
Hepatic veins 0 4 25 71 0 3 27 70
Note.—Data are numbers of vessels, in a total of 100 patients. Grade 1 poor visibility (nondiagnostic image quality, low signal intensity, and severe blurring artifacts). Grade 2 moderate visibility
(low signal intensity and moderate blurring artifacts). Grade 3  good visibility (high signal intensity and slight blurring artifacts). Grade 4  excellent visibility (high signal intensity and no blurring
artifacts).
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time, 1-second interscan delay) were
performed until the preset contrast en-
hancement level of 120 HU was
reached. This resulted in the automatic
initiation of the first multi–detector row
CT examination, 2 seconds after the
preset level was reached. After the first
examination, a second multi–detector
row CT examination was performed
during the portal venous phase (60 sec-
onds after the start of the contrast me-
dium injection).
The scanning settings for the arte-
rial and portal venous phases were as
follows: a section thickness of 0.6 mm, a
table feed of 46 mm per rotation, and a
gantry rotation time of 0.5 second
(pitch, 1.2). The x-ray tube voltage set-
ting was 120 kV at a mean tube current
of 150 mA. Transverse section recon-
structions were performed by using a
nominal section thickness of 1.0 mm at
an interval of 0.4 mm for both contrast
enhancement phases (11,12). The recon-
struction field of view was set according
to the patient’s size and ranged from 25
to 45 cm at a matrix size of 512  512.
Quantitative Analysis of MR Imaging
Quantitative and qualitative analyses of
the images were performed at an interac-
tive workstation (Advantage Windows
Workstation 4.2; GE Healthcare, Buc,
France). For quantitative analysis, one
author (C.H., 3 years experience in ab-
dominal MR imaging) who was blinded to
all clinical data but was aware of the pur-
pose of the study performed signal-to-
noise ratio (SNR) and contrast-to-noise
ratio (CNR) measurements in all 100 pa-
tients. SNR and CNR were measured in
the following 14 vessels: infrarenal aorta,
celiac trunk, splenic artery, left gastric
artery, common hepatic artery, proper
hepatic artery, left and right hepatic ar-
teries, gastroduodenal artery, superior
mesenteric artery, main portal vein
(MPV), left portal vein, right portal
vein, and the largest of the three he-
patic veins (ie, right, middle, or left
hepatic vein). Regions of interest were
placed in the respective vessel, in the
adjacent liver parenchyma or the ret-
roperitoneal fat tissue, and in an im-
age region in the air adjacent to the
body within the coil. The regions of
interest were drawn such that they
covered the maximal area of each ves-
sel (mean, 39 mm2; range, 8–102
mm2). In the hepatic veins, the re-
gions of interest were placed 1 cm
proximal to the inferior vena cava.
SNR and CNR were calculated as fol-
lows: SNR  SIv/SDb, where SIv is the
mean signal intensity in the vessel and
SDb is the standard deviation of the
mean signal intensity of the magnitude
background outside the body within
the coil (air). CNR  (SIv  SIl,f)/SDb,
where SIl,f is the mean signal intensity
in the adjacent liver parenchyma or
retroperitoneal fat tissue.
Figure 2
Figure 2: Transverse maximum intensity projection images of variant hepatic artery anatomy in 61-year-
old man. (a)On image from parallel GRE MR data set (3.1/1.4), both readers noted branching of the common
hepatic artery (large arrow in a and b) directly from the abdominal aorta. This represents a type XI variant (any
arterial variant not included in Michels types I–X). Both readers graded the image quality for the common
hepatic artery and the splenic artery (small arrow in a and b) as excellent (grade 4: high signal intensity, no
blurring artifacts). (b) The type XI variant hepatic artery anatomy was confirmed on the corresponding image
from the 64 – detector row CT angiography data set.
Figure 3
Figure 3: Transverse maximum intensity projection images of variant portal vein anatomy in 64-year-old
man. (a)On image from parallel GRE MR data set (3.1/1.4), both readers noted trifurcation of the MPV (large
arrow in a and b) into the left portal vein (small arrow in a and b) and into the right anterior (large arrowhead
in a and b) and right posterior (small arrowhead in a and b) branches. The image quality for the MPV and its
branches was graded as excellent by both readers. (b) The presence of portal vein trifurcation was confirmed
on the corresponding image from the 64 – detector row CT data set. Note the bilateral posterior transpedicular
screw fixation in the thoracic vertebra.
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Qualitative Analysis of MR Data
Subjective image quality.—Two radiolo-
gists (J.K.W. [reader 1] and C.H. [reader
2], 7 and 3 years experience in abdominal
MR imaging, respectively) in independent
readings rated the subjective MR image
quality for depiction of the 14 vessels as-
sessed in all 100 patients. Both readers
were blinded to all clinical data, and the
patient cases were assessed in random
order. Neither reader was blinded to the
purpose of the study. The image quality
for each vessel was graded by using a
four-point Likert scale: Grade 1 indicated
poor visibility (nondiagnostic image qual-
ity, low signal intensity, and severe blur-
ring artifacts); grade 2, moderate visi-
bility (low signal intensity and moderate
blurring artifacts); grade 3, good visibil-
ity (high signal intensity and slight blur-
ring artifacts); and grade 4, excellent
visibility (high signal intensity and no
blurring artifacts).
Variant hepatic vasculature.—The
two readers independently assessed the
dynamic parallel GRE MR images for
the presence of surgically important an-
atomic variants of the hepatic vascula-
ture. Both readers were blinded to the
multi–detector row CT results, and pa-
tient cases were presented in random
order. The readers were allowed to ad-
just the window centers and level set-
tings to their individual preferences and
to use transverse or oblique maximum
intensity projections of the MR data set
if these were considered beneficial. A
cine mode was available for rapid inter-
active interpretation. Both readers were
asked to classify the hepatic artery anat-
omy into one of 10 categories according
to the Michels classification system or
into an 11th category that included
other variants not included in the Mich-
els classification (13).
Standard portal vein anatomy was
considered a bifurcation of the MPV
into the right and left portal veins, with
the left portal vein branching from the
MPV more proximally than the right
portal vein and with the right portal vein
splitting into the right anterior and right
posterior branches. A trifurcation of the
MPV or a right portal vein branching
from the MPV more proximally than the
left portal vein was considered an ana-
tomic variant (14–16).
Three hepatic veins with the com-
mon hepatic trunk of the main and left
hepatic veins draining into the inferior
vena cava and a single right hepatic vein
draining into the inferior vena cava
were considered the standard anatomy
of the hepatic veins. Special attention
was given to the presence of large (3
mm) accessory right hepatic veins
draining liver segments V–VIII directly
into either the inferior vena cava or the
main hepatic vein and to the presence of
supernumerary left hepatic veins (1,16,17).
Moreover, the presence of separate drain-
age of the main and left hepatic veins into
the inferior vena cava was noted.
Arterial stenosis and portal venous
thrombosis.—Both readers (J.K.W.,
C.H.) were asked to independently note
the presence of arterial stenosis in all
arteries being evaluated. For this pur-
pose, each reader was allowed to adjust
the window centers and level settings to
his or her preference and to use trans-
verse or oblique maximum intensity
projections of the MR data set. Grading
of arterial stenosis was performed with
an electronic caliper by using a four-
point Likert scale: Grade 1 meant nor-
mal vessel or mild vessel irregularities
(10% luminal narrowing); grade 2,
moderate arterial stenosis (10%–49%
luminal narrowing); grade 3, severe ar-
terial stenosis (50%–99% luminal nar-
rowing); and grade 4, occlusion. Grade
3 or 4 arterial stenosis was considered
hemodynamically significant (18). In ad-
dition, readers 1 and 2 independently
noted the presence of a thrombus in the
MPV, right portal vein, or left portal
vein.
Analysis of Multi–Detector Row CT Data
A consensus panel that consisted of two
readers (R.S., A.M.L.) evaluated all multi–
detector row CT images on the basis of
the transverse multi–detector row CT
source data available at the interactive
workstation (Advantage Windows Work-
station 4.2). The readers were allowed
to adjust the window centers and level
settings to their individual preferences
and to make use of transverse or oblique
maximum intensity projections of the
multi–detector row CT data sets if
these were considered useful. Both
readers were blinded to all clinical data
and MR imaging results. Assessment of
variant hepatic vasculature, grading of
arterial stenosis, and detection of portal
venous thrombosis were performed by
using the same classification scheme
used to evaluate the parallel GRE MR
data.
Statistical Analyses
SNR and CNR are reported as mean
values  standard deviations. To as-
sess interobserver agreement be-
tween readers 1 and 2 for detection of
variant hepatic vasculature and arte-
rial stenosis,  values and correspond-
ing 95% confidence intervals (CIs)
were determined: A  value of 0 indi-
cated poor agreement; 0.01–0.20, slight
agreement; 0.21–0.40, fair agreement;
0.41–0.60, moderate agreement; 0.61–
0.80, good agreement; and 0.81–1.00, ex-
cellent agreement (19).
The sensitivity, specificity, positive
predictive value, negative predictive value,
and accuracy (and corresponding 95%
CIs) of parallel GRE MR imaging, as
compared with multi–detector row CT,
for the detection of hepatic arterial,
portal venous, and hepatic venous vari-
ants and hemodynamically significant
hepatic arterial stenosis were calculated
for each reader. Since there was a max-
imum of one hemodynamically signifi-
Figure 4
Figure 4: Variant hepatic vein anatomy in 39-
year-old man. On coronal maximum intensity
projection image from parallel GRE MR data set
(3.1/1.4), both readers detected two large (3
mm) accessory hepatic veins draining liver seg-
ments VIII (large arrow) and VI (small arrow) di-
rectly into the inferior vena cava (arrowheads). Due
to slight blurring artifacts, the image quality for the
hepatic veins was graded as good by both readers.
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cant arterial stenosis in all patients, per-
patient analysis was performed.
Results
In terms of quantitative image analysis,
mean SNRs ranged between 50.3 and
94.6 and mean CNRs ranged between
39.4 and 78.9 (Table 1).
Qualitative Analysis of Image Quality
Readers 1 and 2 graded the image
quality as good or excellent for 91.1%
and 91.3% of the hepatic arteries, re-
spectively, and for 100% of the portal
veins (Table 2, Figs 2–4). Image qual-
ity was graded as good or excellent for
96% of the hepatic veins by reader 1
and for 97% of the hepatic veins by
reader 2. Both readers reported non-
diagnostic image quality for 21 (2.1%)
of the 1000 arteries, which included
the gastroduodenal arteries and the
proper, right, and left hepatic arter-
ies. Both readers graded the image
quality for all portal and hepatic veins
as diagnostic.
Qualitative Analysis of Variant Hepatic
Vasculature
There was excellent agreement between
readers 1 and 2 (  0.95; 95% CI:
0.83, 1.00) in the detection of all he-
patic artery variants (Fig 2, Table E1;
http://radiology.rsnajnls.org/cgi/content
/full/2453062103/DC1). Both readers
identified a portal vein trifurcation in 10
(10%) of the 100 patients (Fig 3) and
early branching of the right portal vein in
nine (9%) ( 1.00; 95%CI: 0.88, 1.00).
There was excellent agreement between
the two readers in the identification of all
variant hepatic veins as well (  0.98;
95% CI: 0.78, 1.00) (Fig 4). The accuracy
of parallel GRE MR imaging in the identi-
fication of variant hepatic vasculature
reached 95% (95% CI: 89%, 98%) or
higher for both readers (Table 3).
Qualitative Analysis of Arterial Stenosis
and Portal Venous Thrombosis
Overall, there was excellent agreement
between readers 1 and 2 in the detec-
tion of arterial stenosis (  0.98; 95%
CI: 0.82, 1.00) (Table E2, http:
//radiology.rsnajnls.org/cgi/content
/full/2453062103/DC1). Hemodynam-
ically significant arterial stenosis was
present in the celiac trunk and supe-
rior mesenteric artery. The accuracy
of parallel GRE MR imaging, as com-
pared with multi–detector row CT, in
the diagnosis of hemodynamically sig-
nificant arterial stenosis was 97%
(95% CI: 91%, 99%) for reader 1 and
94% (95% CI: 87%, 98%) for reader 2
(Table 4). Both readers identified
thrombosis in the MPV on the parallel
GRE MR images in two (2%) of the
100 patients; the thrombus was con-
firmed at multi– detector row CT.
There was no thrombus that was
noted at multi–detector row CT but
not depicted at parallel GRE MR imag-
ing.
Discussion
In our study, overall image quality for
depiction of most of the hepatic ves-
sels was rated as high with use of the
parallel GRE MR technique described.
All portal and hepatic veins were visi-
ble for diagnostic purposes, and both
readers considered image quality to be
nondiagnostic in only 2.1% of the he-
patic arteries. The good to excellent
image quality for depiction of most of
the hepatic vessels in our study was
mirrored by relatively high mean
SNRs and CNRs. The values in our
study are comparable to or even
higher than those reported for GRE
MR imaging with use of the same defi-
nitions for calculations of SNR and
CNR (3,20). However, because noise
is not spatially uniform on images ob-
tained by using parallel imaging recon-
struction, comparisons with the SNRs
and CNRs derived in other studies
may have reduced value. Compared
with conventional MR imaging, paral-
lel imaging generally is limited owing
to decreased SNR and CNR. These de-
creases are inversely proportional to
the square root of the acceleration fac-
tor. For an acceleration factor of two,
the SNR in parallel imaging has been
estimated to be reduced by about
30%–35% compared with the SNR in
conventional MR imaging (6,9,21,22).
Several factors could have contrib-
uted to the high SNRs and CNRs in our
study. The eight-element phased-ar-
Table 3
Reader Assessment of Parallel GRE MR Imaging, as Compared with 64–Detector Row CT, for Detection of Anatomic Variants of Hepatic
Arteries and Portal and Hepatic Veins in 100 Patients
Parameter
Variant Hepatic Artery Anatomy Variant Portal Vein Anatomy Variant Hepatic Vein Anatomy
Reader 1 Reader 2 Reader 1 Reader 2 Reader 1 Reader 2
No. of true-positive findings 23 20 19 19 90 91
No. of true-negative findings 75 77 82 82 36 36
No. of false-positive findings 0 0 0 0 2 3
No. of false-negative findings 2 5 0 0 2 1
Sensitivity (%)* 92 (74, 99) 80 (59, 93) 100 (83, 100) 100 (83, 100) 98 (92, 100) 99 (94, 100)
Specificity (%)* 100 (95, 100) 100 (95, 100) 100 (96, 100) 100 (96, 100) 95 (82, 99) 92 (79, 98)
Positive predictive value (%)* 100 (85, 100) 100 (83, 100) 100 (83, 100) 100 (83, 100) 98 (92, 100) 97 (91, 99)
Negative predictive value (%)* 97 (91, 100) 94 (86, 98) 100 (96, 100) 100 (96, 100) 95 (82, 99) 97 (86, 100)
Accuracy (%)* 98 (93, 100) 95 (89, 98) 100 (96, 100) 100 (96, 100) 97 (92, 99) 97 (92, 99)
* Numbers in parentheses are 95% CIs.
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ray surface coil used contained inte-
grated preamplifiers for signal amplifi-
cation as close as possible to signal
generation, before additional noise is
picked up. In addition, the geometric
arrangement of the coil elements was
optimized to keep the noise-enhancing
geometry factor—which is used to de-
termine the local noise variations in
parallel imaging—as low as possible
throughout the imaging volume. Fur-
thermore, we used a 1 mol/L gadolin-
ium chelate as the intravenous con-
trast agent, which has been shown to
improve the SNR and CNR in vascular
imaging (23).
The overall good to excellent image
quality for depiction of the hepatic ves-
sels in our study also translated into
high sensitivities and specificities for
parallel GRE MR imaging in hepatic vas-
culature mapping. Hepatic artery vari-
ants were detected by readers 1 and 2
with sensitivities of 92% and 80%, re-
spectively, and with a specificity of 100%.
Portal vein variants were diagnosed
with sensitivities and specificities of
100%. Hepatic vein variants were diag-
nosed by readers 1 and 2 with sensitivi-
ties of 98% and 99%, respectively, and
with specificities of 95% and 92%, re-
spectively. The performance of parallel
GRE MR imaging in our study was com-
parable to the performance of conven-
tional GRE MR imaging in hepatic vas-
culature mapping in previous studies
(5,24). In one study, both the sensitivity
and the specificity of conventional GRE
MR imaging, as compared with digital
subtraction angiography, were 100%
for the detection of hepatic artery vari-
ants in 23 patients (3). In another study,
digital subtraction angiography findings
confirmed the findings of conventional
GRE MR imaging of the hepatic artery
anatomy in 12 (92%) of 13 patients
(24). In the same study, the preopera-
tive findings of conventional GRE MR
imaging of the normal portal vein anat-
omy and normal right hepatic vein anat-
omy in nine living liver donor candi-
dates were confirmed at surgery.
The use of a parallel GRE MR se-
quence in clinical practice may be a fur-
ther step toward a simplified preopera-
tive “all-in-one” work-up of liver surgery
candidates (25). In addition to liver pa-
renchymal imaging, parallel GRE MR
imaging enables accurate preoperative
mapping of the hepatic vasculature for
dedicated evaluation of the hepatic ves-
sels—without the need for additional
imaging such as multi–detector row CT
or catheter-based angiography. Apart
from concerns regarding radiation ex-
posure, a major advantage of MR imag-
ing, as compared with multi–detector
row CT or catheter-based angiography,
is the smaller risk of renal function im-
pairment or anaphylactic reactions fol-
lowing contrast medium administration.
This may be advantageous, particularly
in patients in whom repetitive follow-up
examinations of the liver are indicated.
Our study had limitations: The ret-
rospective design and the need for ret-
rospective informed consent for inclu-
sion of the patients’ data may have led
to selection bias in favor of patients in
better health who were able to give
informed consent at the time of the
study. Therefore, patients in poor
health, including those with dyspnea
or tachypnea, may have been system-
atically excluded from the study, and
this may have led to results that were
falsely in favor of parallel GRE MR
imaging. In addition, since the retro-
spective design did not allow a system-
atic comparison of the image quality
and accuracy of parallel GRE MR im-
aging between the patients with and
those without compromised respira-
tory function, the true improvements in
clinical imaging achieved with parallel
GRE MR imaging and the shorter acqui-
sition times in patients who have diffi-
culty holding their breath cannot be
quantified by using the results of our
study. A prospective study with large
numbers of patients with and patients
without compromised respiratory func-
tion is needed to overcome this limita-
tion.
The overall low prevalence of hemo-
dynamically significant arterial stenosis,
which was present in the celiac trunk
and superior mesenteric artery only,
may have limited the statistics calcu-
lated for the detection of arterial steno-
sis on parallel GRE MR images. In addi-
tion, the results of parallel GRE MR im-
aging for mapping the hepatic vasculature
were not compared with intraoperative
findings or digital subtraction angiogra-
phy findings, which are established ref-
erence standards. Multi–detector row
CT may not be a perfect reference stan-
dard for this purpose. However, in a
growing body of studies, multi–detector
row CT, with its high spatial resolution, is
being recommended as a noninvasive im-
aging modality for hepatic vasculature
mapping (12,25–27).
In conclusion, our study findings
demonstrate that three-dimensional GRE
MR imaging accelerated by a parallel
acquisition technique is feasible and re-
liable for hepatic vascular mapping.
Compared with 64–detector row CT as
the noninvasive reference standard,
parallel GRE MR imaging enables accu-
rate mapping of the hepatic vascular
anatomy.
Table 4
Reader Assessment of Parallel GRE MR Imaging, as Compared with 64–Detector Row
CT, for Detection of Hemodynamically Significant Arterial Stenosis in 100 Patients
Parameter Reader 1 Reader 2
No. of true-positive findings 10 9
No. of true-negative findings 87 85
No. of false-positive findings 3 5
No. of false-negative findings 0 1
Sensitivity (%)* 100 (70, 100) 90 (56, 100)
Specificity (%)* 97 (91, 99) 94 (88, 98)
Positive predictive value (%)* 77 (46, 96) 64 (35, 88)
Negative predictive value (%)* 100 (96, 100) 99 (94, 100)
Accuracy (%)* 97 (91, 99) 94 (87, 98)
* Numbers in parentheses are 95% CIs.
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